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Abstract 
In this study we analyze the lifecycle primary energy use of a wood-frame apartment building designed to meet the current 
Swedish building code or passive house criteria, and heated with district heat or bedrock heat pump. We employ a lifecycle 
perspective methodology and determine the production, operation and end-of-life primary energy use of the buildings. We find that 
the passive house requirement strongly reduces the final energy use for heating compared to the current Swedish building code. 
However, the primary energy use is largely determined by the energy supply system, which is generally outside the mandate of the 
building standards. Overall, buildings with district heating have lower life-cycle primary energy use than alternatives heated with 
heat pump. The primary energy for production is small relative to that for operation, but it is more significant as the energy-
efficiency standard of building improves and when efficient energy supply is used. Our results show the importance of a system-
wide lifecycle perspective in reducing primary energy use in the built environment. A life cycle primary energy perspective is 
needed to minimize overall primary energy use, and future building energy-efficiency standards may reflect the full energy use 
during a building’s life cycle. This could include primary energy implications for production, operation and end-of-life of buildings. 
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1. Introduction 
 
Growing concerns over energy security and climate impacts of energy systems have increased global attention on 
building energy efficiency. Large potential exists to improve primary energy efficiency of buildings, and thereby 
reduce CO2 emissions [1]. Buildings also present one of the lowest costs of greenhouse gas (GHG) emissions 
mitigation [1]. Different measures can contribute towards the development of energy and carbon efficient built 
environment including improved energy efficiency standards and building certification schemes. 
Member states of the European Union are required under the Energy Performance of Building Directive (EPBD) to 
implement improved energy efficiency regulations for buildings. In Sweden, a new energy efficiency regulation was 
introduced in the building code in 2012, and a passive house criteria has been developed for high energy standard 
buildings [2, 3]. The Swedish building code of 2012 stipulates mandatory energy performance requirements for 
buildings depending on their use, end-use heating system and climate zones. Buildings are categorized as residential or 
non-residential and electric or non-electric heated for three defined climate zones. A building is categorized as electric 
heated if its installed electric power for heating is more than 10 W/m2. The energy performance requirements for 
buildings are given as the specific energy use, comprising the purchased energy for space heating, tap water heating and 
electricity for fans and pumps but excluding electricity for household appliances and lighting. The code also requires 
that the average U-value for the whole building envelope must not exceed 0.40 W/m2 K. The passive house criteria 
suggest a voluntary and a stricter purchased energy limits for buildings using similar principles as the building code. 
Table 1 shows the energy requirements of the building code and passive house criteria for residential buildings. 
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Table 1. Specific energy use requirements for residential buildings for the Swedish building code of 2012 and for the passive house criteria  
Description      Electric heated building 
                (kWh/m2)  
Non-electric heated building 
                 (kWh/m2) 
                              Climate zone   I  II  III   I  II  III 
Building code 2012 95 75 55 130 110 90 
Passive house criteria 29 27 25 58 54 50 
 
 
Increasingly, building energy-efficiency standards focus on energy use during the operation phase of buildings. The 
operation energy generally dominates the lifecycle energy use, so constructing buildings to meet a high thermal 
standard is important. However, focusing only on optimizing the energy performance in the operation phase may result 
in potential trade-offs in other lifecycle phases. In addition, the end-use energy services of a building can be provided 
by different types of supply systems, which can differ significantly in their primary energy use. A more comprehensive 
approach is to consider the lifecycle primary energy use, encompassing the production, operation and end-of-life phases. 
Such an analysis would help to understand the potential lifecycle implications of compliance to building energy-
efficiency standards. In this study we analyze the lifecycle primary energy use of a wood-frame building designed to 
meet the current Swedish building code or the current Swedish passive house criteria, and heated with district heat or 
bedrock heat pump.  
 
 
2. Methods 
 
2.1 Case studies 
The analysis is based on a four-storey light-frame wood building constructed in the 1990s in the city of Växjö, in 
south of Sweden and hence located in climate zone III of Sweden. The building contains 16 apartments and has total 
heated floor area of 1190 m2. A sketch of the ground floor plan and a section of the building are presented in Figure 1. 
To explore the implications of current energy-efficiency requirements, we modeled changes including improved 
thermal envelope and airtightness to the building to achieve buildings which meet the requirements for climate zone 
III for the building code or passive house criteria. The modeled buildings are assumed to be heated with district heat or 
bedrock heat pump and are otherwise identical to the existing building. Table 2 shows the thermal characteristics of 
the modeled buildings. In addition to lower U-values and ventilation heat recovery (VHR) units, the passive buildings 
are assumed to have much better airtightness than the code compliant buildings.  
 
 
Figure 1. A sketch of the ground floor plan and a section of the studied building 
 
 
Table 2. Thermal properties of buildings 
Building  U-value (W/m2K)  Mechanical 
ventilation 
Airtightness 
Ground floor External walls Windows Doors Roof Average (l/s m2) at 50 Pa 
Code 2012 heat pump heated  0.23 0.20 1.90 1.20 0.13 0.40 Exhaust 0.8 
Code 2012 district heated 0.23 0.15 1.40 1.20 0.11 0.32 Exhaust 0.8 
Passive heat pump heated 0.23 0.11 1.20 1.20 0.10 0.27 Balanced, VHR 0.4 
Passive district heated 0.23 0.10 0.90 0.90 0.08 0.22 Balanced, VHR 0.3 
 
 
2.2 Energy balance and primary energy calculations 
The primary energy uses over the complete life cycle of the buildings are calculated assuming a 50-year lifespan, 
considering all lifecycle, including production, operation and end-of-life phases. The production phase primary energy 
is calculated as the primary energy used for acquisition, processing, transportation and assembly of the building 
materials. The lower heating values of biomass by-products that can be recovered and made available for external use 
during the material lifecycle are calculated and shown. We use data from Gustavsson et al. [4] for the calculations. 
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We calculate the operation final energy use for space heating, ventilation, tap water heating and household and 
facility electricity with the VIP+ dynamic energy balance program [5]. The space heating demand is modeled for 
climate conditions of the city Växjö, assuming indoor temperatures of 22oC for the living areas and 18oC for the 
common areas of the buildings. The primary energy needed to provide the final energy for the operation activities are 
calculated with the ENSYST program [6]. We calculate the primary energy use for cases where the buildings are 
heated with cogeneration-based district heat or electric-based bedrock heat pump. The COP of the heat pump for 
heating is assumed to be 3.0. The cogeneration of district heat and stand-alone electricity for heat pump are assumed to 
be produced with biomass-based steam turbine technology. The cogenerated electricity from the CHP plants is 
assumed to replace electricity that otherwise would have been produced in a stand-alone plant.  
The buildings are assumed to be dismantled after their service life, with the demolished concrete, wood and steel 
materials recovered. We assume that the concrete is recycled into crushed aggregate, the steel is recycled into 
feedstock for production of new steel, and wood is combusted for energy. The end-of-life primary energy use and 
benefits are calculated with methods and assumptions of Dodoo et al. [7, 8]. 
 
 
3. Results and discussion 
 
Table 3 shows the annual final and purchased energy for space and tap water heating and ventilation electricity for 
the buildings. The peak demands for the buildings including space and tap water heating are also presented. The heat 
pump heated buildings have lower specific purchased energy demand and greater peak heat demands compared to the 
district heated buildings. The peak heat demands of the heat pump heated buildings exceed 10 W/m2, hence the 
buildings may be categorized as electric heated. Figure 2 shows the impact of the current building code and passive 
house criteria on the annual final and primary energy use for building operation, including household and facility 
electricity. The operation final and primary energy use are lower if the buildings are heated with district heating 
instead of heat pump.  
 
 
Table 3. Annual specific final and purchased energy for space and tap water heating and ventilation electricity and peak heat demand for buildings 
Description 
Specific final energy demand (kWh/m2)   Specific purchased energy use for space 
and tap water heating, and ventilation 
(kWh/m2)  
Peak heat 
demand  
(W/m2) 
Space   
heating 
Ventilation 
electricity 
Tap water 
heating     Total 
Heat pump heated:  
Code 2012 69 4 25 98 38 34 
Passive 19 8 25 52 24 17 
District heated:  
Code 2012 55 4 25 84 84 31 
Passive 13 8 25 46   46 14 
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Figure 2. Annual final energy use (left) and primary energy use (right) for building operation 
 
Figure 3 shows the primary energy use for the lifecycle phases of the buildings including the production, operation 
(space and tap water heating, and ventilation electricity) and end-of-life. The operation phase dominates the lifecycle 
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primary energy for the buildings. The passive building with district heating gives the lowest lifecycle primary energy 
use. A district heated building built to the current building code has comparable primary energy use as a passive house 
heated with heat pump. A heat pump heated building built according to the current code has 15% greater overall 
primary energy use than a district heated alternative.  
 
 
-1000
0
1000
2000
3000
4000
5000
6000
Code 2012 Passive Code 2012 Passive
Building demolition
Tap water heating
Ventilation electricity
Space heating
On-site construction
Material production
Demolition residues/
End-of-life benefit
Production residues
Heat pump heated District heated 
Pr
im
ar
y 
an
d 
em
bo
di
ed
 en
er
gy
  (
kW
h/
m
2 )
 
Figure 3. Primary energy use for life-cycle phases of the buildings, assuming a 50-year lifespan 
 
 
4. Conclusions  
 
The current Swedish building code and passive house criteria reduce purchased energy use for space and tap water 
heating, and ventilation. In contrast, the choice of heating system in reducing primary energy use is not fully reflected 
in the standards. Overall, district heated buildings built to the different standards have lower lifecycle primary energy 
use than alternatives heated with heat pump. The primary energy for production is small relative to that for operation, 
but it is more significant as the energy efficiency standard of building improves and when efficient energy supply is 
used. The primary energy use related to household electricity dominates the operation primary energy use for the 
buildings, but the energy efficiency standards analyzed do not consider household electricity. This study shows the 
importance of a system-wide lifecycle perspective in reducing primary energy use in buildings.  
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